Two experiments were conducted to evaluate the efficacy of dietary FERMKIT, a commercial toxin binder consisting of probiotic-fermented natural product containing chitin, chitosan and chitosan oligosaccharides (FERMKITO  , EASY-BIO SYSTEM, Inc., Korea), in binding aflatoxin (AF) and zearalenone (ZEN) and ameliorating their mycotoxicity in meat type ducks. FERMKIT was supplemented to AF contaminated diets (at 120 ppb) at either 0.3 or 0.6% in experiment 1 and to ZEN contaminated diets (at 150 ppb) at 0.6% in experiment 2. In experiment 1 body weight gains were reduced by 37% and mortality was increased by 18% in ducks fed diet contaminated with AF at 120 ppb compared to ducks fed control diet (<10 ppb AF) for the 4-wk experimental period. However, dietary FERMKIT supplementation effectively alleviated overall toxicity induced by AF. The significant treatment-related changes in feather growth, web-toe hemorrhage, leg deformity, liver paleness, organ weights, hematological values and serum biochemical values, as compared to the control, were observed. The FERMKIT supplementation significantly diminished the adverse effects of AF and restored all the parameters measured back (<0.05) toward the control values. These findings indicated that FERMKIT, when added at the levels of 0.3 or 0.6% in the 120 ppb AF diets, could modulate the toxicity of AF with percentage sorption capacity of 52.70% at the level 0.3% and 79.85% at the level 0.6% of the diets (experiment 1). In experiment 2, FERMKIT, when added at 0.6% to the 150 ppb ZEN diets for the 4-wk experimental period, diminished the toxicity as shown by body weight gain, weights of testicles, oviducts, Bursa of Fabricius and cloaca eversion score as compared with the controls (<10 ppb ZEN) and 150 ppb ZEN diet with no added FERMKIT. The findings indicated that FERMKIT could be protective against the effects of ZEN in young growing ducks with percentage sorption capacity of 67.11% as evaluated from toxicity index parameter measured when added at 0.6% of the diets containing 150 ppb ZEN. (Asian-Aust.
INTRODUCTION

Mycotoxins
Mycotoxins are found in most agricultural products. Peanuts (groundnut) and corn are frequently associated with mycotoxin contamination, especially aflatoxin, which can occur either pre or post harvest.
Aflatoxins (AF) are produced by Aspergillus flavus and Aspergillus parasiticus and are potent hepatotoxin possessing carcinogenic activity. A positive association between aflatoxin ingestion and liver cancer in man has been found in many population studies in tropical regions of Africa, India, South East Asia and the Philippines (WHO, 1989) . There are a number of comprehensive reports on aflatoxicosis and biological of aflatoxin (Baird, 1978; Wogan and Busby, 1980; Applebaum and Marth, 1982; Bryden, 1982) . The symptoms of aflatoxicosis in poultry ranged from none to acute or chronic toxicity and varied with the species of bird, the amount of toxin consumed and the length of time over which it was ingested. The duckling is very sensitive to AF. The clinical signs are not very definite but include loss of appetite, retard growth, reduced feed efficiency, haemorrhage in the webs of toes, ataxia, malabsorption syndrome, steatorrhea or failure to utilize lipids, impaired protein utilization, appearance of nervous symptoms, high and rapid mortality in young birds and lie on their side with opisthotonus shortly before death (Khajarern et al., 1990) . Hematologically, aflatoxicosis caused anemia as noted by significant decreases of hemoglobin, hematocrit, erythrocyte count and mean corpuscular volume. Absorption and retention of macrominerals is also reduced (Mohiuddin et al., 1986) . Immune system is generally suppressed by causing atrophy of Bursa of Fabricius, thymus and spleen and abnormally increase of circulating lymphocyte (Richard et al., 1978) .
Zearalenone (ZEN) or F-2 toxin occurs as natural mycotoxin contaminant in corn, wheat, barley, oats and sorghum (Mirocha et al., 1971 (Mirocha et al., , 1977 (Mirocha et al., , 1982 Krogh, 1976) . ZEN is produced by strains of Fusaria (F. avenaceum, F. equiseti, F. gravinearum, F. culmorum, F. lateritium) . A period of low temperature and alternating moderate to low temperature variations is required for significant toxin formation. The average contamination rates within different countries ranged from 1 ppb to 10.1 ppm. ZEN is an estrogenic mycotoxin (beta-resorcylic acid lactone) which generally causes vulvovaginitis, prolapse of vagina (accumulation of interstitial edema causes thickness of vulva, vagina, cervix and myometrium), grossly enlarged uterine horns, mammary glands and frequently nipples, swollen and reddened vulva in young animal. Swine are the most commonly affected animals. Cattle, poultry and laboratory rodents are also affected, but to a lesser degree. ZEN has been associated with feminization in young male swine, including testicular atrophy, swollen prepuce and mammary gland enlargement. Decreased libido may be a variation sequela, but mature boars apparently have enough testicular reserve to avoid decreased spermatogenesis. Abortion and mummified piglets and spread leg syndrome to a ZEN toxicosis have also been reported (Bacon and Marks, 1976; Kurtz and Mirocha, 1978; Allen et al., 1981a Allen et al., , 1981b CAST, 1989; Danicke, 2001) . In poultry, toxicosis causes vent enlargement, cloacal eversion, mucous secretion in feces, cystic changes in the oviduct and enlargement of the Bursa of Fabricius (Wyllie and Morehouse, 1977; Chi et al., 1980a and b; Dailey et al., 1980; Allen et al., 1981a and b; Miercha et al., 1982; Maryamma et al., CAST, 1989 , 1992 Wood, 1992) .
Detoxification of Mycotoxins
Numerous strategies for the detoxification of mycotoxin containing food and feed have been reported (Palmgren and Hayes, 1987; Ramos, 1994; Ramos et al., 1996; Danicke, 2001 ). There are considerable informations, both theoretical and practical, on the detoxification of aflatoxins; however, information on detoxification of other mycotoxins is limited (CAST, 1989) . Prevention and control of mold growth and detoxification can be achieved by treating feeds or ingredients physically, chemically, biologically and naturally by products from plants or herbs (Suttajit, 1989) . Sequestrant or chemisorbents (inorganic sorbent materials: zeolite, bentonite, clay, hydrated sodium calcium aluminosilicates, activated charcoal) have been shown to alter the effects of aflatoxin in chickens, (Phillips et al., , 1988 (Phillips et al., , 1994 Harvey et al., 1989 Harvey et al., , 1993 Kubena et al., 1990a Kubena et al., , b, 1991 Kubena et al., , 1993 Davidson, 1987; Ellis et al., 1990 Ellis et al., , 1991 Chung et al., 1990; Huff et al., 1992) . However, the optimum inclusion rates of these chemisorbents are generally high, for instance 5-10% for activated charcoal, and consequently, other essential nutrients, vitamins, antibiotics or growth promoters are also adsorbed causing even more negative impact on animal performance. Among all aluminosilicates tested with regard to mycotoxin absorption, a hydrated sodium calcium aluminosilicate (HSCAS) from natural zeolite has been most extensively studied because of its promising aflatoxin-binding capacity (Teng, 1974 , Ramos et al., 1996 . Due to the promising results obtained with aflatoxin, the addition of HSCAS was assayed with variety of mycotoxins, including ZEN (Bursian et al., 1992) and ochratoxin A (Huff et al., 1992) but its efficacy against ZEN and ochratoxin A was limited (Ramos et al., 1996) .
For other absorbent compounds, Cuero et al. (1988) used chitosan or derivative of chitin isolated from crustacean shell as a control agent of toxicogenic fungal growth and aflatoxin production. Khajarern et al. (2001) demonstrated, by using growth rate, feed efficiency, liver weight and liver paleness score as tested criteria, that chitinchitosan powder (60 mesh with 75.6% degree of deacetylation), when added at 0.05 and 0.10% of the diets for 0-3 week-old meat-type ducks (Cherry Valley) with 120 ppb total aflatoxin concentration as compared with HSCAS (Novasil TM , Engelhard Corp., Cleveland, OH), was able to absorb AF upto 19% for the 0.05% and 33% for the 0.10% inclusion levels.
The objective of the present study was to evaluate the efficacy of FERMKIT, a probiotic-fermented natural product of chitin, chitosan and chitosan oligosaccharide (FERMKITO  , EASY-BIO SYSTEM, Inc., Korea), for protection against the toxicity of AF and ZEN in meat-type duck's diets.
MATERIALS AND METHODS
Two experiments were conducted at Khon Kaen University's Poultry Research Farm. Experiment 1 was to evaluate the effects of dietary FERMKIT for its ability to bind and ameliorate aflatoxicosis in meat-type ducks (Cherry Valley) and Experiment 2 for ZEN. Just prior to the beginning of the experiments, samples of corn, broken rice, rice bran, soybean meal and fish meal were analyzed for total AF content by method of Dicken et al. (1980) and ZEN by AOAC (1995) method using high pressure liquid chromatography. Aflatoxin used was produced through the fermentation of corn by Aspergillus parasiticus as was previously described by Shotwell et al. (1966) and further modified by West et al. (1973) . For the ZEN trial (Experiment 2) soybean meal with the Fusarium toxins (590 ppb ZEN) contamination ("Fusarium-year 2001 in Thailand") was incorporated into the diets by replacing good quality source of soybean meal in the control diet with an appropriate amount of the contaminated soybean meal to provide the given ZEN concentration in the final test diet.
Experiment 1
One-day-old meat-type ducks (Cherry Valley) were randomly distributed into each of six dietary treatments. Those are: <10 (control), 30, 60 and 120 ppb AF or 120 ppb AF diets supplemented with FERMKIT at 0.3 or 0.6%. Each treatment contained 2 replications (pen) of 25 birds each. All birds were housed in concrete-floored pens under continuous lighting throughout the 4-week duration of the experiment and were given feed and water ad libitum. The composition of the experimental rations are given in Table 1 . The birds were clinically observed at least twice daily and mortality was recorded. Group weight by pen were recorded on a weekly basis and feed consumption was recorded weekly. At the end of experiment, all birds that remained alive were examined on feathering condition, leg deformity and web-toe hemorrhage. Blood samples were collected from 20 birds (10 males and 10 females) from each treatment (using birds with body weight near the treatment mean body weight) for serum biochemical analyses and hematological determination. After bled, all birds form each treatment were killed by cervical dislocation and the liver, kidney, heart, spleen and pancrease were removed and weighed. Liver paleness and lipid content (AOAC, 1995) of liver were also determined.
Experiment 2
Three dietary treatments were used in Experiment 2: 1) control diet containing no added ZEN or FERMKIT; 2) diet contained 150 ppb ZEN no added FERMKIT; and 3) diet contained 150 ppb ZEN plus 0.60% FERMKIT. Each treatment also contained 2 replications (pen) of 25 birds each. All birds were also housed in concrete-floored pens under continuous lighting as in Experiment 1 and ad libitum access of water and feed. The composition of the rations fed are given in Table 1 . Birds were also daily observed on mucous excretion, swelling of the vent, eversion of the cloaca, etc. Body weight gain and feed consumption were determined at weekly interval. At the end of 4 weeks experiment, all birds that remained alive were examined for eversion of the cloaca. The weights of oviducts or testicles and Bursa of Fabricius were determined on 10 females and 10 males form each dietary treatment. Necropsy was performed on all birds and they were examined for any abdominal clinical symptoms.
The data for all parameters were subjected to analysis of variance (SAS Institute Inc., 1989) and significant treatment differences were determined by Duncan's multiple range test (Duncan, 1955) . The pooled standard errors which are calculated as the square root of the error mean square from the analyses of variance are reported. The statement of significance was based on the 0.05 level of probability.
RESULTS AND DISCUSSION
Experiment 1
Effect of dietary FERMKIT and AF on duck feed intake, mean body weight gain, feed efficiency (feed:gain), mortality and livability and economic loss index (ELI) which calculated from mean body weight gain and livability are given in Table 2 . The AF adversely affected duck's feed intake, body weight gain, feed efficiency and mortality. Ingesting AF at the level of 120 ppb of diets caused significant (p<0.05) decreases in feed intake, mean body (Baird, 1978; Khajarern et al., 1990) . Khajarern et al. (1990) noted that ducklings were very sensitive to aflatoxicosis and the toxicity signs including poor growth performance, high mortality, enlarged liver with high lipid content, poor feather growth or helicopter-wing disease and leg deformity began to show once duckling consumed diet contaminated with as low as 30 ppb of AF. Adding 0.3 and 0.6% FERMKIT to the diet containing 120 ppb AF diminished the adverse effects of AF on feed intake, mean body weight gain, feed efficiency, mortality and livability. The addition of FERMKIT caused a marked reduction of AF toxicity when compared with the control (<10 ppb) and the AF 120 ppb treatment without FERMKIT. Impaired feather growth, web-toe hemorrhage, liver paleness and lipid content were significantly (p<0.05) increased in the ducks fed with graded levels of AF (Table  3 ). The addition of FERMKIT at the level of 0.6% to the 120 ppb AF diets resulted in total protection against aflatoxicosis as shown by significant (p<0.05) alleviation of the abnormal feather growth, leg deformity, web-toe hemorrhage, liver paleness and reduced liver lipid content to the normal level. Data in Table 4 demonstrated that aflatoxicosis caused significant hypertrophy (p<0.05) of liver, kidney, heart, spleen and pancrease. Added FERMKIT, at 0.6% of the diet, significantly diminished (p<0.05) all the adverse effects resulting in the reduced organ weight toxicity index (OWTI) to a normal level. These data agreed with the previous reports of Khajarern et al., (2001) who compared the AF absorbing ability of a HSCAS (0.5% of diet) with chitin-chitosan powder (60 mesh with 75.6% deacetylation) at 0.05 or 0.10% of duckling (0-3 weeks) diets contaminated with 120 ppb AF and revealed that chitin-chitosan could alleviate aflatoxicosis by improving body weight gain, feed conversion, survivability, weight and paleness score of liver to the degree comparable to those resulted by HSCAS. The AF absorbance index (feed conversion ratio×% survivability×liver weight in g) of chitin-chitosan at 0.05 and 0.10% inclusion were 138.61 and 80.87 as compared with 34.13 for the HSCAS and 26.79 for the control diet (<30 ppb AF). They indicated that chitin-chitosan was able to absorb AF upto 19% for the Range of 1 to 3, 1 = poor, 2 = moderate and 3 = good. 2 Leg deformity score: Range of 0 to 4,0 = normal, 1 = one leg slightly deformed, 2 = both legs slightly deformed, 3 = one leg slightly deformed, the other severely deformed and 4=both legs severely deformed. 3 Web-toe hemorrhage score: Range of 0 to 2, 0 = normal, 0.5 = slightly hemorrhage, 1 = moderately hemorrhage and 2 = severely hemorrhage 4 Liver paleness score: Range of 1 to 3, 1 = normal, 2 = moderate and 3 = very pale.
* Appearance chronic toxicity index (ACTI) = Leg deformity score×web-toe hemorrhage×liver paleness×liver lipid. 0.05% and 33% for the 0.10% inclusion levels. Data in Table 5 showed that feeding diet contaminated with AF at the level 120 ppb significantly reduced (p<0.05) blood hemoglobin, hematocrit and serum biochemical values (glucose, protein, Ca and P content). Similar results have also been reported by several researchers (Mohiuddin et al., 1986; Kubena et al., 1990a, b; Khajarern et al., 1990; Huff et al., 1992; Schell et al., 1993) . Adding FERMKIT at 0.6% of the 120 ppb AF diet significantly (p<0.05) diminished the adverse effects of AF on all of the above parameters. In addition, Cureo et al. (1988) used chitosan or derivative of chitin to control growth of AF producing fungi and noted that chitin-chitosan could successfully inhibit fungal growth and AF production. Table 6 present a method for assessment of toxin binder efficacy, toxin absorbance index (TAI). The TAI was calculated by multiplying hematology toxicity index (HTI) by serum biochemistry values toxicity index (SBVTI) and economic loss index (ELI). The resulting TAI clearly demonstrated that addicting 0.6% FERMKIT to the 120 ppb AF duckling diets significantly diminished (p<0.05) the adverse effect of AF toxicity to a degree nearly comparable to the uncontaminated diet. TAI and relative absorbance index (RAI) are sensitive indicators for assessing the efficacy of a sequestrant (toxin binder). In case of FERMKIT, addition at 0.3% of the 120 ppb AF diets showed the sequestering efficacy for AF at 52.70%, whereas that at 0.6% inclusion was 79.85% of AF. a-c Means within a column with no common superscripts differ significantly (p<0.05).
Data in
* Organ weight toxicity index (OWTI) = weight of liver×heart×kidney×spleen×pancrease×100. Table 7 summarized the toxological effects of ZEN, at 150 ppb of diet, on performance of ducklings in terms of feed intake, mean body weight gain, feed conversion, mortality, livability and economic loss index (ELI) which calculated from mean body weight gain and livability. Ingestion of ZEN, at 150 ppb of diet caused significant (p<0.05) decreases in mean body weight gain, ELI, and poorer feed efficiency. Feed intake and livability were also decreased but were not statistically significant (p>0.05). Mortality rate ranged from 4% for the control to 12% for the 150 ppb ZEN treatment. The overall weight gain of the 150 ppb ZEN ducklings was reduced by 26.23%, whereas feed efficiency was lowered by 28.82% when compared with the controls. Addition of FERMKIT, at 0.6% of the ZEN contaminated diet, diminished those adverse effects to an appreciable degree; however, the mean body weight and ELI were not fully restored to the levels of the control. This might be caused by a slightly lower feed intake of the ZEN ducklings than that of the uncontaminated one. Data in Table 8 showed the effect of ZEN on development of some selected organs and the ameliorating effects of FERMKIT against the ZEN toxicity. The relative weights of Bursa of Fabricius, testicles, oviducts and cloaca eversion score were significantly affected (p<0.05) by feeding diet contaminated with 150 ppb ZEN. The ZEN, at 150 ppb of diet, caused decreases in weights of testicles and Bursa of Fabricius of the ducks when continuously ingested throughout the period of 1-28 days of age. These results support previous findings by Chi et al. (1980a, b) and Allen et al. (1981a, b) which indicated that purified ZEN might accelerate oviduct development in female and retard testicles growth in young male chickens. Addition of 0.6% FERMKIT to diet containing 150 ppb ZEN significantly diminished (p<0.05) the adversely affected development of testicles, oviducts, Bursa of Fabricius and cloaca eversion score. The OWTI of the FERMKIT ducklings was restored to a statistically comparable level of the control. Table 9 showed the assessment of the toxin absorbance index (TAI) of FERMKIT for ZEN, calculated by a-b Means within a column with no common superscripts differ significantly (p<0.05). 1 Cloaca eversion score: Range of 0 to 3, 0 = normal, 1 = slightly prolapse, 2 = moderate prolapse and 3 = severely prolapse.
Experiment 2 Data in
* Organ weight toxicity index (OWTI) = bursa of fabricius×testis×10 4 .
multiplying the organ weight toxicity index (OWTI) by the economic loss index (ELI). The TAI clearly indicated that the added FERMKIT, at 0.6% of the 150 ppb ZEN diet, significantly diminished the adverse effects of ZEN toxicity in the young ducks from 1-28 days of age and showed sequestering efficacy for ZEN at 67.11%.
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